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A HEURISTIC METHOD OF OPTIMAL GENERALIZED
HYPERCUBE ENCODING FOR PICTORIAL DATABASES

INTRODUCTION

In similarity, retrieval from a pictorial database [ 1], pattern recognition [ 2,41, and
clustering analysis, it is often desired to find the set of database records (or set of patterns,
n-dimensional feature vectors, etc.) that are most similar to a test record (or test pattern,
test feature vector, etc.). In the case of large databases (or patterns, clusters), it is very
useful to encode the original database into certain convenient format in order to facilitate
similarity retrieval and updating.

In this report, we shall consider one such technique called "Generalized Hypercube"
encoding [3] and describe a heuristic method of generating minimum number of GH
encoded tuples.

GENERALIZED HYPERCUBE ENCODING

Given a set of points S = 4 P1, P2 ... , Pk ) in n-dimensional space, where p3 =
(x1 , x2 ,.. ., xn) denotes a point in S, we can have a family of n-dimensional GH codes.
For each m, 1 m < n + 1, the GHm codes are:

(X1 ,.. *, • ..- 1 ; am., an; bm ... , bn),

where (x-,. x1 , ,z ,.. ., z ) is in S for some coordinates, z, z ; and
a =mm {y,: for some coorinates, , (x 1 ,. .. , xm.1 m,. •., -. ., z, ) in S ),
b = max ( y,: for some coordinates, Zk, (x I ..... 1 m-l'Zm ... Y... z) in S) .

When m = 1, we are simply using the smallest n-dimensional hypercube containing S
as the GH code. When m = n+l, the original point set S is used as the GH code. Other in-
between values of m give GH codes of various levels of details.

For example, if point set S = { (1,1,3),(1,1,5),(1,2,1),(1,2,4),(2,3,6) ,GH 1 is4 (1,1,1;2,3,6)}. GH2 is { (1;1,1;2,5),(2;3,6;3,6)) . GH 3 is { (1,1;3;5),(1,2;1;4),(2,3;6;6)).
GH 4 is S itself. It should be noted that other GH codes can be generated, if we permute the
coordinates. The previous example we have 4 (3;1,1;1,),(5;1,1;,1,1), (1;1,2;1,2),
(6;2,3;2,3)}.

Therefore, it is important to select carefully the coordinates on which the GH encoding
technique can be applied, i.e. to generate a minimum number of GH encoded tuples the
problem reduces to select a special "handle" set. It is easy to see that once a handle vector
has been selected, the GH encoding is unique.

Manuscript submitted November 5, 1979.
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In this report we shall describe the following heuristic methods for problems:

* Select a handle set jil, i2 ,... im-i) from { 1, 2,..., n ) so that the least number
of GH encoded tuples are generated.

* Suppose we define the density of a hypercube H as the number of data points in H,
divided by total number of lattice integers.). For example the hypercube (1,1,1;2,3,6)
previously described has a density of 5/2-3.6 = 0.1388. Intuitively, we would like to
generate hypercubes having high densities. Therefore Problem 2 can be stated as follows:

Given a threshold density t, 0 t < 1.0, find optimal GH encoding such that each
hypercube has density no less than t.

PROBLEM 1

Given m, the method of choosing m-1 handles which will generate optimal GHm codes
for a point set S is based on the following ideas:

* For each handle (column) i, (i = 1, 2,..., n) consider vector Vi = (x1 1 , x 2 i , ... , Xki)
where k is the number of points in the set S. Among the elements xil, x..2 -.... xik those
having the same value are grouped together and their associated points (in S) will consist
of disjoint groups, say, GI , G 2i .... Gi. Define the count (or cardinality) of Gji = Cj(i).
We next compute a measure of the priority of the ith column pi.

* pi [Cj(i)-11 2 .
j=1

Intuitively, we ignore those groups having only one element and put heavier weight to
those groups having more than one element. Obviously, there are many other ways to define
a priority measurement for each handle.

0 Based on the measure P,, (i = 1, 2,. . ., n) choose the best m-1 handles, i.e., i's which
have larger values of Pi.

Following is the algorithm to implement the above ideas:

ALGORITHM

Step 1.

To conpute Pp, consider vector V i fi (xIi, x2 i ..... Xki),

a. Make a stack of all k elements of Vi.

2
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b. Set a test element, TELMNT = top element of stack and set COUNT = 1.
c. Replace the top element of the stack by the last element and, set k = k-i; if k K 1,

go to substep e.

d. Restack the k elements to check that the top element = TELMNT.

0 If it does, COUNT = COUNT + 1; then go to substep c.

0 If it does not, then

(If COUNT > 1, then Pi = Pi + COUNT * COUNT and COUNT 1. TELMNT =
top element of the stack; go to substep c

e. Include the last group's population count in P.

If COUNT > 1, then Pi = Pi + COUNT * COUNT.

Step 2.

Using STEP 1, compute all P.'s for i = 1, 2,..., n. Store handle numbers in an array,
such as [c(i) = i, i = 1,.. .,ni.

• iStep 3.

Sort array P in descending order, and while moving the elements of P during sort, move
elements of c also in the same fashion.

4 For generating GH codes, choose handles in the first (m - 1) positions of array c,
which correspond to thembest (m - 1) values of Pi, i = 1, 2,..., n.

Once the set of handles has been selected, the GH encoding is unique.

For example, let point set S = ( (3,1,1), (5,1,1), (1,1,2), (4,1,2), (6,2,3) . Using the
previous algorithm, the measure of priority, P. for i = 1,2,3 are: P1 = 0, P2 = 16, P3 = 8.
Based on the best values of P., we choose handle set (x 2 ,x3 ,x1 ) and with respect to this set
of handles (GH ) is (1,1,1; ,3,6) ) .GH 2 is ( (1;1,1;2,5), (2;3,6;6) ). GH 3 is ( (1,1;3;5),
(1,2;1;4), (2,3;J;6)) . GH4 is ( (1,1,3), (1,1,5), (1,2,1), (1.2,4), (2,3,6)).

EXPERIMENTAL RESULTS

The previous algorithm was implemented on an IBM/370 in FORTRAN; a listing of the
program is given in Appendix A. The data for the program were random numbers with
normal distribution and standard deviation, a number for each column vector Vi was also a
random number with uniform distribution.

3
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The selected set of handles by the previous method was used to generate GHm encoded
tuples, and their number was counted for a different number of point set and dimensions
of space. To find the optimal GHm encoding, great effort was taken, and the GH codes
with minimum number of GHm tuples was taken as the optimal GHm encoding. ee Tables
1, 2, and 3.)

Few other heuristic approaches were tested to select the proper set of handles to
generate optimal GH encoding, but the previous method has shown the best results and will
be used in the next optimization problem.

PROBLEM 2

From the experimental results we know that the smaller the value of m (length of
handles) the smaller the number of GH m encoded tuples for a point set S, but at the same
time such hypercubes tend to be sparse. Therefore, to optimize GH codes for a given

Table 1 - The number of optimal GHm encoded tuples

No. of GH2  GH3
Points Error Error

()H 0 H 0O(M) (%) (%)

10 8 8 0.0 10 10 0.0

20 15 15 0.0 20 20 0.0

30 22 22 0.0 30 30 0.0

40 12 12 0.0 33 33 0.0

50 34 34 0.0 50 50 0.0

60 16 16 0.0 56 55 1.02

70 24 24 0.0 68 68 0.0

80 30 30 0.0 75 75 0.0

90 27 27 0.0 88 87 1.16

100 20 20 0.0 86 86 0.0

Dimenslon N - 3
H - heuristic
0 a optimum

4
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Table 2 - The number of optimal GHm encoded tuples

No. of GH 2  GH 3  GH 4

Points H 0 Error H 0 Error H 0 Error
1 (M) (%) (%) (%)

S10 8 8 0.0 10 10 0.0 10 10 0.0

S20 16 16 0.0 20 20 0.0 20 20 0.0

S30 10 10 0.0 29 28 3.57 30 30 0.0

40 21 21 0.0 40 39 2.56 40 40 0.0

50 16 16 0.0 44 44 0.0 50 50 0.0

60 25 25 0.0 59 59 0.0 60 60 0.0

70 28 28 0.0 68 68 0.0 70 70 0.0

80 21 21 0.0 74 71 4.23 80 80 0.0

90 18 18 0.0 75 75 0.0 90 90 0.0

100 22 22 0.0 93 93 0.0 100 100 0.0

Dimension N 4
H - heuristic
0 - optimum

5
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Table 3 - The number of optimal GHm encoded tuples

No. of GH 2  GH 3  GH 4  GH 5
Points Error Error Error Error

H 0 H O oH r H 0 M(M) (%) (%) (%)()

10 8 8 0.0 10 10 0.0 10 10 0.0 10 10 0.0

20 13 13 0.0 20 19 5.26 20 20 0.0 20 20 0.0

30 10 10 0.0 29 29 0.0 30 30 0.0 30 30 0.0

40 16 16 0.0 38 38 0.0 40 40 0.0 40 40 0.0

50 21 21 0.0 49 49 0.0 50 50 0.0 50 50 0.0

60 18 18 0.0 55 55 0.0 59 59 0.0 60 60 0.0

70 18 18 0.0 64 63 1.58 70 70 0.0 70 70 0.0

80 21 21 0.0 75 75 0.0 80 79 1.26 80 80 0.0

90 26 26 0.0 84 84 0.0 90 90 0.0 90 90 0.0

100 22 22 0.0 96 92 4.35 100 100 0.0 100 100 0.0

Dimension N - 5
H = heuristic
0 = optimum

threshold density t, find a set of handles with minimum length m, so that the resultant
hypercubes have densities no less than theshold density, t.

Two special cases can be solved immediately. If t = 0, then we can select m = 1, so that
a single n-dimensional hypercube is generated, and GH 1 becomes the optimum GH en-
coding. If t = 1.0, then all the hypercubes must have unit density, and we can select
m = n + 1 so that the original point set S becomes the optimum GH encoding. For other
values of t, m should fall between 1 and n + 1.

6
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ALGORITHM

The algorithm optimize GH encoding for a given threshold density.

Step 1.

Start with m = 1;

generate GH 1 codes, which is one hypercube. If the density of this hypercube is
> - threshold density, then this is the optimum GH encoding, and go to Step 7,

otherwise, set m = m + 1.

Step 2.

By using the previous heuristic method discussed in Problem 1, choose a set of handles
which will generate the optimal GHm encoding for a given m.

Set a flag = 0; and

NUM = 0, where NUM will be the number of GHm encoded tuples with respect to the
chosen handle vector of length m.

Step 3.

a. Generate the next hypercube with respect to the above chosen handle vector and

compute its density.

b. If density of this hypercube - > threshold density, and

if the number of points in this hypercube > 1, then

(include this hypercube in optimal GH encoding.

NUM = NUM + 1; and

delete the points included in this hypercube from the original point set. !

c. If the density of this hypercube < threshold density, then set the flat = 1

Step 4.

Repeat Step 3 until all the points in point set have been considered once.

Step 5.

If the number of points in remaining point set 0 then go to Step 7.

If (number of points in point set = 1 or

7
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NUM < = 0 and flag = 0), then go to Step 6.

If (NUM < = 0 and flag = 1), then m ffim + 1.

Go to Step 2.

Step 6.

Generate GHm encoded tuples with respect to the last handle vector of length m.
Each GHm encoded tuple is included in the optimal GH encoding.

Step 7.

Stop.

As an illustration, if point set S ((3,1,1),(5,1,1),(1,1,2),(4,1,2),(6,2,3) } and
threshold density = 50% (0.5), then with the previous algorithm, optimal encoding is
attended as ((1;1,2;2,5), (2;3,6;3,6) ) and the density of each hypercube is > = 50%.

• t EXPERIMENTAL RESULTS

The previous algorithm also was implemented on an IBM/370 in FORTRAN. A listing

of the program is given in Appendix B. The test data were again random numbers.

The results are in Tables 4, 5, and 6.

DISCUSSION

In this section, some interesting applications of the generalized GH encoding technique
are discussed.

Reference 1 suggests that a relational file R can be characterized by a logical ex-
pression E, so that every n-tuple (x1 , x2 ,.. ., xn ) in R satisfies this logical expression.

The generalized GH encoding technique can be used to find a suitable logical ex-
pression characterizing a relational file.

For example, if S is as given in the Generalized Hypercube Encoding section of this
report and m = 1, then GH 1 = ( (1,1,1;2,3,6) ) and the corresponding logical expression is
(1 < = x 1 ) & (1 = x2 ) & (1 < = x3 ) & (x 1  = 2) & (x2 < = 3) & (x, < = 6);

when m = 2, then GH 2 = ((1;1,1;2,5),(2;3,6;3,6) ) and the corresponding logical
expression is (x I = 1) & (1 < x 2 ) & (1 <= x 3 ) & (x 3 < = 5)) V ((x1 = 2) & (x 2 = 3)
& (x3 = 6)), thus, each GH encoding corresponds to a logical characteristic expression for
the relational file.

8
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Table 4 - The number of optimal GH encoded tuples

(M) t=10 t=20 t=30 t=40 t=50 t=60 t=70 t=80 t=90

10 6 7 7 7 9 9 10 10 10

20 11 14 18 18 18 18 18 18 18

30 9 23 24 24 24 26 28 28 28

40 18 36 36 36 36 37 38 38 38

50 23 36 39 40 42 48 50 50 50

60 12 43 43 48 53 55 58 58 58

70 21 40 46 46 49 52 64 64 64

80 1 52 53 54 57 57 60 60 60

90 1 45 50 52 56 77 80 84 84

100 1 40 52 58 60 81 82 91 91

M number of points in point set
t i percent threshold density
Dimension N - 3

.9
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Table 5 - The number of optimal GH encoded tuples

(M) t=10 t=20 t=30 t=40 t=50 t=60 t=70 t=80 t=90

10 7 7 9 9 9 9 10 10 10

20 14 17 17 18 18 18 18 18 18

30 25 28 28 29 29 29 29 29 29

40 32 36 39 39 39 39 39 39 39

50 38 45 46 49 50 50 50 50 50

60 46 52 56 57 57 57 59 59 59

70 42 57 60 68 68 68 70 70 70

80 45 72 77 78 79 79 79 79 79

90 58 72 78 79 82 87 88 88 88

100 66 78 81 90 91 92 92 93 93

M = number of points in point set
t = percent threshold density
Dimension N = 4

10
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Table 6 - The number of optimal GH encoded tuples

(M) t=10 tf20 t=30 t=40 t=50 t=60 t=70 t-80 t=90

10 10 10 10 10 10 10 10 10 10

20 20 20 20 20 20 20 20 20 20

30 28 29 30 30 30 30 30 30 30

40 40 40 40 40 40 40 40 40 40

50 47 50 50 50 50 50 50 50 50

60 57 58 58 58 58 59 59 59 59

70 68 68 69 69 69 70 70 70 70

80 76 77 77 77 77 79 79 79 79

: 90 79 86 87 87 88 89 90 90 90

100 95 100 100 100 100 100 100 100 100

M - number of points in point
t - percent threshold density
Dimension N - 5

In addition to applications in database characterization, the previously described
technique also can be applied in clustering analysis where clusters are described by hy-
percubes with handles. Thus optimization technique will generate optimal encoding for the
clusters.

A third application can be the description of n-dimensional pictures, which will have
a practical significance in computer graphics and image processing applications.
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3?. PRINT 3
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PRINT 4

35. A =jphMAT(//*PSX*OHEURISTIC APPROACH'$
36. -lIN T 5
3?. 5 FOPMAT(2Sx.'---------------------I
3fl. PRINT 6
3q. 6 03R'AT(//0IOO('*111
40. 440 CALL HEUPIS(PTSETM9N.NCODE.tFLl
41. III L .EO. It GO TO 44?
42. ORINT 2
43. it =OPMATI(1/.10(fooll
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46. DRINT 13
A?. 13 FORMAT(21W'------------- -------- al
4 F. D-aINT 14
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61. 16 J3P"AT.O .,I0X.G'.12.3(IOX.11.F 16.31
62. IF(IFL IFO. II PRINT 66
63 f6 =0 RM ATI//I00I(1.e)l
64. 500 C NTIVUE
66. 600 CONTINUE
66. STOP

? 67.
68. CCCCCCCCC
69. C
70. C RANDJM(XV= GENERATES A RANDOM NUMBER X 0<= X <=1.0 WITH
71. C UNIFORM DISTRIBUTION.
72. C
73. CCCCCCCCCC
74. SUOROUTINE RANDOM(XI
75. PEAL X
76. INTEGEP 4/I9727/. MULT/25211/. BASE/32768/
77. A = M3D(MULT*A.BASEI
78. X = F.-CATAIFLOAT(BASEl
79. RETURM
RO. E143
q. CCCCCCCCCC
82. C
83. C GEN2TS(2TSET.MN1:- TO GENERATE TEST DATA SET IN ARRAY PTSETv
94. C *HICH CONTAINS M NUMRER OF POINTS IN N DIMENSIONAL SPACE.
p5. C CALLS:
R6. C (1) 0A034: A LIBRARY SUPPOUTINE TO GENERATE RANDOM NUMBERS OF
87. C NORMAL DISTRIBUTION WITH A GIVEN STANDARD
88. C DEVIATION.
69. C (21 QANDOM: TO GET ANOTHFR RANDOM NUMBER TO eE USED AS FIX
90. C STANDARD DEVIATION FOR ONE COLUMN.

C
* CCCCCCCCCC

SJ60RJTINE GFNPTS(PTSET. M.NI
Q4. INTEGER PTSET(I 1o6l
95. O 100 J = 1. N
96. CALL RANDCM(Ul
Q7. STD = 9.0*U * 3
95. D3 100 1 a I. M
99. CAL. FAO3A(STDX
too. ;1TSFT(I.J1 = INT(X + Sl)
tot. t00 CONTINUE
102. PE/UR
103. END
10A. CCCCCCCCCC
lOS. C
106. C PR0CES(2TSET.0.M.'N:

- 
COMPUTES THE MEASURE CF PRIORITY P(CI

107. C FOP EACH CnLUMN I WHERE I = II....N FOR A GIVEN POINT SET
1OS. C IN ARRAY PTSET CONTAINING M POINTS IN N DIMENSIONAL SPACE.
109. C CALLS:
t11. C ([I 4PODER: TO COMPUTE Pil) FOR O4E PARTICULAR VALUE OF 1.
Ili. C
112. CCCCCCCCCC
113. SUOROUT14E PROCES(PTSFT.P.M.N)
114. I4TEGEa 3TSFT(II0s6l9TEM0RC1I0I.Pf6)
11. O0 100 1 = IN
116. DI 200 J = 1.4
tI7. P0O T(PRCJI = PTSETCJ.1
tIIF. CAL -4ODER(I.TEMP.Mm.Pl
119. oo Cn4TINUC
120. RETURN
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£2. CCCCCCCCCC
123. C
124. C HDlRITmqmD: CLOmPUyES p119 FOR A COLUMN' VECTOR TEMRRp

1 25. C ANDO USES HEAD STRUCTURE.
26. C CALLS:

£27 . C fit QSHEA: TO MAKE HEAP (W ELEMENTS OF ARRAY TEMPP.
12? . C
129cl. CCCCCCCCCC
131). SUaROUT1NF HPOtDEQI1.?EMPR*M.PI
131. INTEGER YEMPR(1101.b(61
132. 1*4TGE4 TEMP.ELMENT,DSUMeSUM
£33. Mi M
134. L M/2 l

135. 10 L =L-
136. ALL RENEAPtL.Ml.TtM'PI1
138. EL:M!NT ££! ' to I GOTO I0
£39.) PSUM 0
40. SuM x 0
IA? ?-mDp( 20 T MPRIM£I

1A3. IF-4..ENT -E3- TEPlGO TO 30
1AA. IFISUM G6?o 1 3 PSUmv PSUm + SUM a SUM

1AS5 ELMqENT m TEMP
£46. SUM =
147. GO TO 40
148. 30 SUM SSUM + I
149. 40 Mi Ml - a
150. IFIM1 G.QT 01 GO To so

IF I SUM .6?. I I PSUm a PSUM + SUM *SUM
,2. P~to = PSLIM

L53. RETURN
£54. so CALL PF4APII.MI.TEMPRI
155. G070 20
156o.N
£57. CCCCCCCCCC
158. C
159. C t.UlMPI-MAKES HEAP OF ELEMENTS OF TFMPP STAPINI.
160. C FRn% TFMPP(L) TO TEMPR(MI).
161. C
£62. CCCCCCCCCC
163. SUBROU

T
14E RFHEAD(L.MI.TEMDR3

164. 14TEGFP TEMPR(IIOf
165. INTEGER FLAG , X

1 66. It - L
167. JJ a 2*11
168. X TEMPRIIII
169. F'LAGvI
IT0. 7' (JJ *GTe Mil RETURN
17£. 40 IF(JJ *GE. Ni1l GOO 10
172. YL (TS"1(Ji.0 .LT. TEtMPR(jj4131 jj ujj4l
fr3. t0 IFIX .GE. TEMPJJll 6070 20
174. TeMpa(Til TEMPRIJjI
175. li = .iJ
£76. jj= 2011
177. Trftl I II X
178. GOTO 30
£79. 20 FLAG z 0

*140. 30 1(JJ .LE. Mt *AND* FLAG F0O. 1) GOTn 4o
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161 *STU%%4
IS?. END
1830 CcCCCCCCC

IS.
is. C SORTIPsO.Nl:- SO:RTS P WRAY CONTAINING N ELFMFNTS AND DURING

1q6. C T4 15 SO0RT ALSO MOVES THE ELCMENTS OF ARRAY 0 IN THE SAME
to?. )AHIN
Is. C FSIN
tot. CcCCCCcCcc
Ig0. SUaOUTI14E SORT(P.OsNI
191. 14TEGEP 0(6l.P(1
14?. 14TEGER FLAG. TOP. TEMP, BOTTOM
193. FLAG z I
194. MOTTOM a N
1 95. T = I
106. j IFIFLAG N*NE 0 .ANO. TOP *LT. ROTTOMI Go TO 20
IQ97 RE TURN

Igo: 20 FLAG m0

200. 0 1 10 0 1 c1.11
201. IF (PCI) .GE. P(1111 GO TO 100
?O0. X =PCI)
203. P(II =P(?4II
?04. P111
25. TSVP =4 I

206 . M1ID =0(14.11
207. 0(I.IIZTEMP
209. FLAG = I
209. 100 CONTINUE
210. 9JTT3M - BOTTOM -1~I. GO TO 10

.. CcCCCccc-CC
214.: C
215. C SnPTPT IPTSEI.O.N,:;,TOYSORT POINTS OF POINTSET IN PTSET W.R.T.
2 16. C .44N..E VECTR IN ARAY 0. HEAP SnRT IS USED FOR THIS.
217: C CALLS:
21,!. C III RE-410: TO MAKE HEAP.
219. c (21 COI4

2
AR: TO COMPARE ORDER OF TWO POINTS.

2?0. C (31 EXCHAN: TO EXCHANGE POSITIONS OF TWO POIN
T
S IN PTSET.

221. C
222. CcCCCCCCC
223. 5URPJUTI NE SORTPIIPTSET.O.M.N)
224. 1'JTEGER mTSFT(IlO.6l.b(6p
225. #Az
226. sml/2 + I
22?. 10 UL-1

228. CALL REHIPIL.Mi.M.N.O.PTSETO
229. 1o(L .GT.11 GOTO 10
230. 20 CALL FXCHAN(I.MI.N.PTSETS
231. 4I z mlI
232. C A'-.L REHI'(t.MI.1w.NsO.PTSETO
P33: IF(M I *.GT. 11 GO TO 20
234. RETURN
235. E4D
?!36. 4c-cccccccc
237. C

?'F. C QEHI3(L.MI..4.N.O*PTSFTl:- MAKFS A HEAP OIF VLEMFNTS OF PTSFT
239. r STAR

T
ING FROM L 10 Mi. PTSET CONTAINS M POIN

T
S IN N

240. C OIMF4SI0NAL SPACE.

16
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241 C
242. CcCCCCCccC
243. SUbROU'TINE REHItb(LMI.MN.OsPTSETl

244. 3vTEG22 vTSfT(IIO.6),Of
6 0

245. r4EGiR FLAG XE
246. 1 L
24?. .5 2:1
?&a x m
249. 3 5 L.LxI M
250. 5 TSETIX.LLS a PTSET(I.LLI
251. FLAG a
?52. !IJ .GT.Mil RSTURN
253. 40 IF(J .GE* MII GO TO 10

254. CALL C0MPARI.5.JI9N9O.PTSET9zCOMPl
255. IF (IIOMO .LT.01 J - J+*1
257. 1c LICOMP *GE.01 GO '0 20
25. IS n3 O0 LLx. .
259. 100 PTSETII.iLLS - PTSET(J9LLl

*260. 1 = j
261. .1 a 2*1
262. 03 ZOO LL a l.N263. 200 OTS!TII.-.Ll a PTSET(X*LLO
264. GO TO 30
265. 20 F-AG =0
256. 30 IF 1.J L.E. Mt .AND. FLAG *FO*II GO T0 40
267. RETUIRN
268. D
269. CCCCCCCCCC
270. C
271. C COM0ARUI.J.N.fl.PTSET.1C0uO,:- COMPARES TWO POIN4TS I J . W.R.T.

Z. c 4 HANDLE VECTOR IN 0. AND RETURNS IN ICOMP:
3. C I IF I'H POINT > .5TH POINT.

e? C 0 IF ITM POINT a .5TH P0! NT.
275. C -t IF fTH POINT w .5TH POINT.
276. C
277. CCCCCCCCCC
27". SUEOUTINE COM0AR(I..5.N.OPTSET.ICOMPl
279. 14TEGER MTSM1ISIO6190(1
280. IT I
281. 100 111 Ot0111
2112. !v: (OTSET(,1111 .NF. PTSET(J.IITl) GO TO 10
283. IF (11 *LT. NJ GO TO 5
284. IC34P =0
265. RETURm
286. 15 If = 11.1
2517. G3 TO 100
288. to !F(PTSET(I.Iti, .LT. PTSET(J.111*1 ICOMP -1
209. IF (PTSETII.fIII.GT.PTSET(.IIIlg, [COMPvI
2*0. RETU4
291.* END
202. CCCCCCCCC
293. C
'94. r !XC'HANIt*J..I.PTSET):-SWITCHES THE POSITIONS OF Twfl POINT% 1. E,295. C J5 IN ARRAY DYSET WHICH CONTAINS A POINT SET IN N DIMENSIONA6L
?C%6. C SPACE.
29?. C
2981. CCCCcCCCC
?!99. suiROUTI.4E EXC4ANCI.jsN.P1SETs

300.tmreGr -PTsrr(g 10.6#

2'7
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01. 0) too i| I.N
302. ITEMP : PTSET(|IIN
30 3. TSET( .I1 1 P S5 " J -1 1
304. DTSCT(J.hII ZTEMP
305. too CoNTINU
306 SRETURM
307. EN)
308. CCCCCCCCCC
300. C
310. C ENCO)E(MM.M.N.O.PTSET.NUM.IFLI-GENERATES GHMM CODES FOO A
311. C SET PTSET. CnNTAINING M POINTS IN N DIMENSIONAL SPACE.
312. C NU4 WILL CONTAIN THE NUM5ER OF SUCH GHUM ENCODED TUDLES IN IT.
313: C YFL IS A FLAG TO TURN OFF AND ON THE PRINTING OF INTERMEDIATE
314, C RESULTS.
315. C CALLS:
316. C (I M[4MAX: Tn FINO THE MINIMUM 9 MAXIMUM ELFMFNT IN A
317. C -AITICULAR COLUMN FOR SOME POINTS CONSInERED TO BE IN
31S. C CURRENT HYDERCUBE.
319. C
3?0. CCCCCCCCCC
321. SUdROUTINE FNCODE(UM.M.N.O.PTSET.NUM.IFL$
322. ImTEGSR 2TSST(110.6l.O(6,.COOE(121
323. IF IFL *EO.1) GO TO 44
3'4> PRINT I
325. I FR%4AT(//l
326 PRINT 5.MM
377. 1; RM•'ItX*GH* I?,' CODES ARE:'$

329. 44 IF (Mm .EO. II GO TO t0
329. 1g(MM *EO. N*I GO TO 20

.40. Num 0
31. NI = MM-I

J32. +N I
33 . =
334. J : I
315. Do 100 II = 2.M|
336. IF (I1 .GT. MI GO TO 40
337. FLAG = 0
318. 30 POO J1 r J.Nl
339. JJ : O(JI l140. l (PTSET( l-I.Jit .EQ. PTSET|IIIJJIt GO TO 200

341. FAG - I
342. GO TO 30
343. 200 CON

T
INUC

344. 30 IF (FLAG .FO I1 GO TO 40
345 : .3 + I
346. 30 T1 t00
347. 40 00 300 JI = I.NI
348. ?J = O(JI)'3B _00F I i JI I = PTSET| |,JJi

150. 300 CUNTINUE
351. L U Nt
352. NN N - Nt
351. 03 43m JI = MM.N
354. JJ = O=JI l
155. CALL MINMAXI2TSETvMjJJ.I.JMIN.MXl
356. L = L + I
357. C0D(Ll w MIN
358. 400 CnDEIL*NN) = MAX
359. 2 =L
360. N3 2 L + NN

18
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161. IFIIFL .10. 11 GO TO as

367. It npPATI'0'.IOX.'('.3131
364.Q I "IT 1 I.(C')DEIE #*1 =MM.N21
365'. 113 FnP'4T('*2X;.3I
16 L. N?? = 424.12xl:4931
167. MQ147 15:(COOE(19.1- N22,N31
.46A. 15 FDPmAT'**e 33X%*.4*3I3I
360. PR 1 4T I16
370. 16 FORMAT, *9. 44X.S''

* 372. 1 z
373. NUMNU~
374. too CC) I'UE
3? 5. RETURN
3?6. to DO III I I.N
377. .1, = (1
378. CA.L MINMAA(PTSET.M.JJ.I.M.MIN.MAXI
I79. COOEfII = "IN
,qc0. CnW,(I4"Ia MAX

3-30 103 q:WA(P* 18.1

2. 24 0 ~ FOR 2221=.O. U 4

394. N2 = O(Ji

3057 'QI1JT Q?.( O)1(J).J t;NI

IRS:0. 23 I "fQA 1 24 .'. 391

340. 3 plf a

395. 22 I DT ; SEEITJ.

401. C21 CO

40. cccccctc.c

406 r fki'ASIPOUTNFM1INLJM INPTETM.ICO1TOFIND MAX INIU

140A. 'lA CR SET I.If
400. c 3tOI .

411: SURU ITI I-tJtAflPTS.G'MXI to~MMAX= A7EI.CL
412. tO' sTE TF(106
41 !. mDm- TUPN.IQL
4'0. -4AX TF I CL

'3 11 = :4

419 RETUR
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421. CCCCCCCCCC
422. C
4?3. C HEURIS(2TSET.M.NsNCODE.TPL):- TO STORE THE NUMPER OF GM! FNCODED
4?4. C TUP..CS FOR 1=1*?o...,*N~l IN ARRAY NCODE. THE SET O F HANDLES
425. c IS 'HDSFN BY HEYRISTIC METHOD.
4P6. C CALLS:
427. c (1) PRnCES: TO COMPUTE THE MEASURE OF PRIORITY P(I1 FOR EACH
428. C CnLUMN 1.
419. C (29 SORT: TO GET THE PROPER SET OF HANDLES CORRESPONDING TO
410. C T3 BFST VALUES nF THEIR PRIORITY P(11.
431. C M3 SDQTPT: TO SORT OINT SET PYSET W.R.T. CHOOSEN SET OF
432. C -OANDLES.
433. C (41 E4CODE: TO GENERATE GH ENCODED TUPLES.
434. C
435. CCCcCCCC
435. SUSRIUTrNE HEUWISfPTSET.MoN.NCODE.TFL$
417. INTEGER PTSET(110.6),O(61.P(6).NCOOE(5.3)

439.PIT6. CALL PROCES(PTSET.PoM.Ns

440. 1 FORMAT I///. 1lx.'PPRtTOUT OF ARRAY P IS:.$
441: PR INT 2 .4P 1)., .I Nl
4420 2 rORMAT(IOX*51100
443. 33 200 1 = I.N
444. 200 O(19 =

445. CALL SORT(P*O*N)
446. PRINT 3
447. 3 =UPMAT($01*t0X*'H4NDLES CHOSEN ARE*
448. PRINT 4*((.ISN
449. 4 FORMAT(I l.IOX,471
450. CALL SOPTPTfPTSET.O.M.N1

IS. IF(10L .EO. 11 GO TO 44
2. PRINT 5

*53. 5 97ORMAT(90#9I0X.'SORTED POINT SET S151
454. 00 3001 I..455. 300 PR4INT I0.7PTSET(I.J1.J= I.Nl
456. 10 FDRMAT(liXo'(0*413.1111
457. PRINT 11
458. it FOPMAT(f//,20X*'FOLLOWING ARE GM CODES W.R.T.ASOVE HANOLFS9'
459. 44 sit a 4 I
460. D3 400 1 =ISNI
461. CALL ENCODV(IoMN.O.PTSET.NUM.IFLI
462. IF( I .LF.I DOR. I .GEo Nil GO TO 400
463. NCDOE1-l.I) = NU4
464. NCrnE I-Iw2 NUM
465. NC3DEf I- It30 a NUN4
466. 400 CONTINUE
467. RETURN
468. END
469. CCCCCCCCCC
470. C I
471. C EXHAJS(2TSET.M.N.NCOOEsIFL):- TO STORE THE MINIMUM NUMBER OF GM!
472. C ENCDO TUPLES FOR t=I.2....N+I IN ARRAY NCODE.ALL THE
473. C DOSSIB..E SET OF HANDLES ARE USED TO GIFNERATE GM CODES & THE
474. c ONE WITH MINIMUM NUMRER OF TUPLE IS TAKEN AS OPTS04L GM

e75 C CALLS*
477. r 11) PC3MB: TV FIN ALL POSSIBLE SETS OF HANDLES.
478. C (2) S1T2T: TO SORT THE POINTSFT W.R.T. CURRENT SET OF HANDLES
479. C (31 FNCODE: TO GENERATE GM ENCODED TUDLES.

49.

20
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48. e 20 RETURN
482. t0 DO 222 1 I O.N
483. JJ O(1)
484. CALL MINMAX(PTSETORDERJJ.l1NPTS.MIN.MAX)
485. CODE(I) = MIN
486. CODE(I+N) = MAX
487. 222 CONTINUE
488. DEN = DENSTY(CODE#MMN| .NPTS)
489. IF(DEN .GE. THRESH) GOTO 444
490. NUM = 0
491. RETURN
492. 444 IF (FLG EO. i) GO TO 666
493. PRINT 21,(CODE(I)*1=IiN)
494. 21 FORMAT( 0'*IOX98( *6I3)
495. NI = N+I
496. N2 - N4N
497. PRINT 22.(CODE(1).1=Nl9N21
498. 22 FORMAT(0.*.30X*.;0*613)
499. PRINT 23
500. 23 FORMAT(o.S0XoO)O)
50. 666 NUN
502. R4ETURN
503. END
504. CCCCCCCCC
505. C
506. C MINMAX(PTSET.ORDER.JJ.1.J.MIN.MAX)- FIND THE MIhMUN 5 MAXIMJM
507. C OF ELEMENTS OF COLUMN JJ .STOPEO IN PTSET.THEIR POINTERS ARE
508. C STORED IN ARRAY ORDER STARTING FROM I TO J.
509. C
110. CCCCCCCCCC
11. SUBRCUTINE MIN&MAX(PTSET.ORDER.JJ.I*.J.M|NZNAXI
12. INTEGER PTSET(! 0.6)*ORDER(110)
13. I 1 ORDER(I)

"1 514. MIN PTSET(II.JJ)
516. MAX = PTSET(II.JJ)
516. k)O 100 K = I.J
517: 11 = ORDER(K)
S. IF(;PTSET(II.JJ) .LT. MINI MIN = PTSET(II.JJ)

519. IF4 PTSET(II.JJ) .GT. MAK) MAX* PTSET(11.JJ)
520 100 CONT INUE
521. NETURN
522. END
523. CCCCCCCCCC
524. C
525. C OENsrY(CODE(MMe.IJi:- COMPUTES THE DENSITY OF HYPERCUBE
526. C GENERATED BY GHM ENCODED TUPLE STORED IN CODE WHICH INCLUDES
527. C PINTS POINTED TO BY POINTERS IN ORDER STARTING FROM I TO J.
528. C
529. CCCCCCCCCC
530. FUNCTION DENSTY(CODE.MM*N.1.J)
531. INTEGER CODE(12)
532. NUMPTS = J-I 41
533. VOL 1
534. MIP4M,1
535: JO 230 K 2 MI *N
536. VOL = VDj*1CODE(K+N-MM)-CODE(K)+I)
537. 1o0 ONTINUE
538. UENSTY NUMPTS I VOL
539. RETURN
540. END

21
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54. Ll Ll4 ITERM
542. :I
543. LI L -I
544. IF (it .GT. LII GO TO 20
545. 00 001 I *LI
546. TABLEC(12,2C O) TAIDLE(ltCOLI
54?. 500 CONTINUE
548. 20 IF (I *GT.Nll GO TO 400
5&9. CALL FILL (TAF6LE.COL N. I I LI
550. 400 CONTINUE
551. 300 CONTINUE
562. Kj NUM*K
553. NU M NU -ii554. '0.. - COL * 11
555. 17(U *E GO TO 10
556. 'ETUPN
55?. ENO
556. CCCCCCCCCC
559.
560. C 1..(4L.O..IL-TO STORE SOME ELEMENTS IN LTO4 Pow OF
561. C ARRAY TABLE.
S62. C

3. CCCCCCCccc
4. SUBROUTINE FILLtTAPLE*COL.N.II.Ll

565. 1 NTEGER TABLE(72096)
56f. INTEGER COLs COLI
56?. COLt m COL. # I
568. IX - TABLF(1I.COLI
S69. 3nl 100 1 Z COL.N
570. t00 TABLEIL*t-t) a TABLE(fI.Ib
571. TABLE(L.Ni t X

572. ETURN

22
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APPENDIX B

1. *JOHIPAR;4 T=(2.0)eLs:4

2. 1/ EXEC FORTGCLG
3. /1FfRT.SYSIN D *
4. CCCCCCCCCCC
5. C
6. C MAIN PROGRAM TO OPTIMIZE GH ENCODING FOR A PCINTSET.
7. C SUCH THAT EACH HYPERCUBE HAS DENSITY NO LESS THAN A GIVEN
8. C THRESHOLD DENSITY.
9. C PTSET: ARRAY CONTAINING POINTSET.
100 C THRESH: THRESHOLD DENSITY.
1I0 C M: NO.OF POINTS IN POINT SET.
12. C N: DIMENSIONAL SPACE.
13. C FLG: FLAG USED TO TURN OFF , ON PRINTING OF INTERMEDIATE
14. C RESULTS.
15. C CALLS
16. C (I) GENPTS: TO GENERATE M POINTS IN N DIMENSIONAL SPACE G
17. C STORE THEM IN ARRAY PTSET.
1s. C (2) OPTMUM: TO GENERATE OPTIMAL GH ENCODED TUOLES. AND
19. C RETURNS THEIR NUMBER IN NCODE. IF FLG IS ON *PRINTS
20. C THOSE GH ENCODED TUPLES ALSO. THERSH IS THE THRESHOLD
21. C DENSITY SUCH THAT EACH HYPERCUBE HAS DENSITY NO LESS
22. C THAN THRESH.
23. C
24. CCCCCCCCLCC
25. INTEGER PTSET(I|0,6).TABLE(11)
26. INTEGER FLG
27. N = 3
26. FLG = I
t. DJ 303 M = 10,100.10
.2. CALL GENPTS(PTSET.M.Ni
32.1 Du 400 ITH 10.110.10
32.2 NJEN = ITH - 0
32.3 THRFSH a NDEN/I00.O
33. IF (FLG .EO. 1) GO TO 10
34. k I NT I
35. 1 FJRMAT('I'll0X* 'INITIAIL POINT SEI IS:')
36. D c 200 I : I M
37 PRINT 2 e.PTSET(I*J),J=I.N)
38. 100 CoNTJNUE
39. 2 FuRMAT(l0'.IOX.*O('.613s)1)
40. PRINT 3
41. 3 FJRHAT (/ ///100C'4'))
42. PRINT 4
43. 4 FURMAT(//25X.'HEURISTIC APPROACH')
44. PRINT 5
45. 5 FjPMAT25X. .--------- ------- ' 1
46. 10 CALL OPTMUM(PTSET.M.N. THRESHNCODE.FLG)
47. 400 TAnLE(ITH/10) = NCODE
49. PINT 6,N
50. 6 FURMAT(///*iOX'DIMENSION = '.15)
51. P.INT T.M
52. 7 FJRMAT(IOX.'NO. OF POINTS IN SET= 1.15)
53. PRINT 8
54. a FJRMAT('O',IOX.'THRESHOLD 0,IOX.$# UF CODES GENERATED')
55. DJ 200 1 1.11
56. ITH = I 20 -1 10
57, PPINT 9, ITN.TADLE(I)
58. 200 CUNTINUE
59. 300 CJNTINUE
60. 9 FuRMAT(IOX . 0.IOX.l10)

23
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STLi6P

CCCC CCCCCCLC
C
C PANLJO4(X): (.NERATE A RANL)CM 14UMUF-R X. i <= X <=1.1. WITH1
C UNIFORM IISTR~cfUTIUN.
C
CC CLCCC CCL

ULE3uUT INERANLUM(X)
PEA.L X
114TEGFP A/19727/. 1MULT/2b211/. EASE/J:s7GE/
A = M4O0(MUL7*A~bASE)
X = fLD.T(A)/FLOAT(3AS.E)
)iETU N
-No

CCCCCCECCC
C
C GENPTSIPTSET.M.N):- TO GEN~i~ATE TLST OATA SET IN AR.Y
C PISET, WICH CONTAINS M NUMbEkS IN N DIMLN51UNAL
C SPACE .
C CALLS:
C (1) RANDUM: TC G~ET A RANDCM NUMbER.
C
cC CcCcc CC

SUbP.OUTII.E GENPIS(PTSET. M.N)

I T,;EGER PTSET(120.6)
DO 10 1. N

CALL kANDUM(U)
PTSET(I.J) = INT(9 *U) + 1

100 C0117I NUE

C
C OPTMUM(PTSEI.M4.NTHk SHN'CuJiE,FLG):-
C TOj GENERATE OPTIMAL GH LNCLOING FOk- A uAVLN ThkESHUjLO
C DENSITY. THREiH; ANU F;ETU.N'S The KUP~Ek OF SUCH' TUFPLES
C IN NCU06.
C CALLS:-
C (1) -ICCE: 10) CO'i-UTE THE MEASUkE OF PRICikZT1 PCI) FG,4
C EACH LULUAN 1.
C (2) SOPT. 7J GET IHE PPOPEW SET OF HANDLES CCkESFUNOINt.
C TO OEST VALUES OF THEIR Pk!UkITIES. PCI).

C (3) SOPT,3T: TO SURT POINTEET IN PTSET A.k.T. NE% SET OF
C HANDLES.
C (4) LNCU)E: ru GENE.kA1E GHM ENCULEJ TUPLES 411H OLNS17Y

C NO LE.S THAN TH-RESHOLD DENSITY.
C

11-TFCEN PI ET(I13.6).P(8 .0 6),k .COR1110;

INT.-CER FLG
NCU fE =U
Dc 100 1 = 1.m

100 4JADER(Ib = I
NP7S M

110 JFL =0
00D 500 1 = .N

24
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121: S00 0(l) 1
122. IF (MM .GT. I) GOTO 80
123. CAL'- ENCUE(MM. N.PTSET.ORDER.O.NPTS.1 FL.NUM.THRESH.FLG)
124. IF (NUM *EO. 0) 0OTO 70
125. NCODE NUM
126. WETURN=
127. 70 MM = MM + 1
128. 80 CALL PROCES(PTSET.ORDER*P.NPTSoN)
129: IF (FLG*. 1)=GO TO 30
130. PRINT I Z.(CI.1=1.N)

131. FORAEAT(// * lx; PRINTOUT OF P ARRAY IS:'. 615)
132. 30 CALL So RT( P, P N)

1 33. IF (FLG *EO; II GOTO)40
234. PR IN T 2 ( Io 1).I1=.N)
135. 2 FORMAT(//.IOX.'ORDER OF VARIOUS tIANLES IS:*. 615)
136. "0 CALL SURTPTCPTSET.O.ORDER.NPTS,N.M)
137. CALL ENCOOE(MM.N.PTSET.ORDER.0,NPTS.IFLNUM.THRESm.FLG)
138. NP = 0

139. ~ ) 200 1 I.INPTS
140. IF(ORDER I ) *EQ. 0) GO TO 200
141. NP = NP + I
142. ORDER(NP) =ORDERCI)
143. 200 CONTINUE
144. NPTS =NO

1 45. NCODE =NCODE + NUJM
146. IF CNPTS *EO. 1) GO TO 20
It?. IF INPTS .LE.0) RETURN
148. IF (NUM .LT.1 ANMb. IFL .EO. 1) MM = MM I

9. IF (MUM .T. I .AND. IFL .E0. 0) GO TO 20
10. GO TO 110

151. 20 IF (FLG .E0. 1) GO TO 50
152. PRINT 5, MM
153. 5 FORMAT C//.I0X.IHNDLE LENGTH = 0.15)

1 54. PRINT 6 .(O(I3.1= I.MM)
355. 6 F(JRMAT(/.10X.IHANDLES ARE :'.615)
156. POINT 7
157. 7 FORMAT(/.13X.' CORZRESPONDING GM CODES ARE:')
158. 50 NCODE = NCODE + NOTS
159. IF (FLG .EO. 11 RCTURN
160. &)D 330 I = I.NPTS
161. It = ORDERMI
162. 00 333 J1J.N
163. jj= OCj)
164. 333 P(J) = PTSETCII.JJI

165. POINT 8.(PCK).K1I.MM)
166. 0 FORMATCIO3X.'C'9bI5.f)')I
167. IF (N-MM .EO.01 GO TO 300
168. NJ = MM+1
169. PRINT 9.(P(Kl.K=KI.N)
170. 9 FORMATf'+'..2X.';'.51S)
171. PRINT 10 .CP(K1.KzNI.%)
172. 10 FORMkT(','965X.':',5151
173. PRINT It
174. 11 FO.WAT('.'.85X9')')
175. 300 %;ONTINUE
176. k.ETURN
177. ENO
178. CCCCCCCCCC
179. C

to0. C PROCr.S(PTSET.ORDER.NPTS.N):- COMPUTES THE MEASURE OF PRICRTY-dI
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18. C .I) FOR EACHRCOLUMNS I WHERE IZ= ... N .FOR A GIVEN

182. C POINT SET IN ARRAY PISET CONTAININ NTS NO. OF POINTS
183 . C IN N DIME NS IONAL SPACE.
184 . C CALLS:
185. C (1) HPOOER: TO COMPUTE PUl) FOR ONE PARTICULAR COLUMN 1.
186. C
18?. CCCCCCCCC
188. SUdROUTINE PROCES(PTSETCRDER.PoNPTS.N)
109. INTEGER PTSET(11O.6),ORDER(1103.TEMPR(110).P(6)
190. DU 100 1 = I.N
191. DI 200 J = I.NPTS
192. JJ = ORDER(J)

193. 200 TEMPR(Jl PTSETIJJ.1)
194. CAL.L HDODER(I.TEMPR.NPTS.Pl
195. Soc CON'TINUE
197. END
198. CCCCCCCCCC

Y99. C
200. C HPOIERF(I.TEMPREM.P:- COMPUTES PI) FOR A COLUMN VECTOR TEMPA
2013. C I USES HEAP STRUCTURE FOR THAT AND HENCE
202. C CALLS:
203. C (1) REHEAP: TO MAKE HEAP OF ELEMENTS OF COLUMN VECTOR TEMPR.
204 C
205. CCCCCCCCCC
206. SUJROUTINE HPODER(I.TEMPRMTP)
20?. INTEGER TEMPR(1101.P(6)
208. INTEGER TEMP.ELMENT.PSUM.SVM
09. Ml =
10. LcM12. +1

211. 10 L = L- =
212. CALL REHEAP(L.MI.TEMPR)
213. IF (-. .GT. 1) G070 10
214. ELMENT =0
215. P2UM = 0
216. SM = 0
237. 20 TEMP = T TEMPRI I
218. TMPP (O1) = TEMPRNeI
219. IF (ELMENT .EO. TEMP)GO TO 30
220. SF(SUM .CT. 1 ) PSUM = PSUM + SUM *SUM
223. LLNENT = TEMP
222. t~UM = I
223. E TO 40
224. 30 M = SUM + I
225. 40 MI = I - I
226. IFIMI .GT. 0) GO TO 50
227. IF (SUM .G7. 1) PSUM OFPSUM + SUM *SUM
228. P33) = PSUM
229. RETURN
230. 50 CALL REHEAP(3.Ml TEMPR)
231. GLJTO 20
232. END
233 CCCCCCCCIC
234. C REHEAP(L.A1.TEMDR1:- MAKES A HEAP OF 7HE ELEMENTS CF ARRAY TEMPR
235: C STARpT ING Fk U 4 T E PR(L) TO0 TEMP R(M 1.
236. C
237. CCCCCCCCCC
238. SJdROUTINE PEHEAPL.I.TEMPRP)
239. INTEGEP TEMPR(IIOS
240. INrEGEP FLAG X
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24. It

242. JJ 2*11
243. X : TEMPR(II
244. FLAG = I
245. IF (JJ GT. M4) RETURN
246. 40 IFI JJ .GE. MI) GOTO 10
247. IF (TEMPRIJJ) *LT. TEMPR(JJ+I)) JJ -JJ+!
2*8. 10 IFIX *GE. TEMPREJJ)) GOTO 20
249. TE4PR(Il) U TFMPR(JJ)
250. It JJ
251. JJ w 2*11
252. TEAPR(II) X
253. GOTO 30
254. 20 FLAG =0
255. 30 IF I(iJ *LE. MI *AND. FLAG .E0. 1) GOTO 40
256. RETURN
257. ENJ
258. CCCCCCCCCC
259. C
260. C SORT(P.O.N):- SORTS P ARRAY CONTAINING N ELEMENTS AND DURING
261. C THIS SORT ALSO MOVES THE ELEMENTS OF ARRAY 0 IN THE SANE FASH-
262. C ION SO THAT INORDER TO CHOOSE A HANDLE SET OF M LENGTH. WE CAN
263. C CHjOSE FIRST M-1 HANDLES STORED IN FIRST 0-I POSITION OF 0.
26.' C
265. CCCCCCCCCC
266. SUdRUTINE SORT1P.O.N)
267. INTEGER O(6).P(6)
268. INTEGER FLAG. TOP. TEMP. BOTTOM
'9. FLAG = 1
0. BOTTOM a N

" 7T] TOP 1

'272. 10 IF(FLAG .NE. 0 .AND. TOP .LT. BOTTOM) GU TO 20
273. RTURN
274. 20 FLAG = a
275. if = BOTTOM -I
276. D3 100 1 = 1.11
277. IF (P(I) .GE. P(111)) GO TO 100
278. X = P(I)
279. PM) =P(1+1)
280. P(1+1) = X
281. TEMP =0(I)
282. Oil) =0(1+1)
283. O(|,I)=TEMP
284. FLAG = I
285. 100 CJNTINUE
286. BUTTOM = COTTOM -1
287. Gu TO 10
288. END
289. CCCCCCCCCC
290. C
291. C SORTPTIPTSET.O.OROER.M.NM2):- TO SORT POINT IN. ARRAY PTSET
292. C W.R.T. NEW HANDLE VECTUR IN 0 * ORDER CUNTAINTS POINTERS TO
293. C POINTS IN PTSET WHICH HAVE NOT BEEN DELETED YET.M IS T-E
294. C NO.4SER OF SUCH POINTS WHILE THERE WERE M2 POIKTS IN THE
295. C ORIGINAL POINT SET. N IS THE DIMENSION OF SPACE.
296. C
297. C HEAPSORT IS USED HERE, THEREFORE:
298. C CALLS:
299. C (I) REHIP: TO MAKC HEAP.
300. C 12) COMPAR: TO COMPARE ORDER OF TWO POINTS.
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301. C (3) EXCHANG: TO EXCNANG POSITION OF TWO PCINTS IN PTSET.
302. C
303 . CCCCCCCCL-C
304. Sj~k:)UT INE SORTr'T(PTSET.0. ORDERM. N.M2)
305. INTEGER PTSFT(II0.6).O(6).ORDER(1IO)
306. MI M
307. L =ML/2 + I
308. 20 L =L-I

309. CALL REHIP(L.MI.M2.N.O.PTSET.ORDER)
310. IF(L *GT.1) GOTO 10
311. 20 CALL EXCHAN(ORDER(1).ORDER(MI).N.PTSETI
312. MI =MI-I
313. CALL REHIP(1.MI.M2.N.O.PTSET.ORDER)

31*RETURN .GT. 1) GO TO 20

316: END
3 1 7 CCCCCCCCC
3118: C
31 39. C REHIP(L.Ml.M2.N.O.PTSET.ORDER):- MAKES A HEAP STRUCTURE
320. C OF THOSE POINTS IN PTSET WHOSE POINTER ARE IN ARRAY OrDER.
321. C STARTING FROM ORDER(L) TO OROER(ML).
322. C A4d IS THE NUMeER OF POINTS IN ORIGINAL PCINTSET
323. C
324. cCCCCCCCC
325 . SUdROUTINE REHIP(L.MI.M2vN.O.PTSET.0RDER)
326. INTEGER PTSET(1I0.61.O(6).ORDER(II0J
327. INTEGER FLAG *X
328. It L
?9. JJ = 2*11
30. 1 = ORDER(II)
31. x M2*

J32. 00 5 LL=.N
333. 5 PTaET(X.LLI PTSET(I*LL)
334. FLAG =1
335o IFIJJ .GT.Ml) RETURN
336. 40 IF4JJ .GE. MI) GO TO 10
337. CALL COMPAR(flRDEP(Jj).OROER(Jj+l).N.0.PTSET.IC0MP)
338. IF (LCOMP .LT.0) 4.9 = JJ+1
339. 10 CALL COMPARCX,OROER(JJ).N.O.PTSET.ICOMPI
340. IF (ICOMP *GE.0) GO TO 20
341. I = OPf)ER(II)
342. 1 = OROER(JJ)
343. DO 100 LL = 19N
344. t00 PTSET(I.LL) = PTSET(J.LL)
345. 11 = 44
346. 44 = 2*11
347. 1 =ORDER(II)
348. DO 200 LL =19N
349. 200 P1iET(I.LL) =PTSET(X*LL)
350. Gi TO 30

35. 20 FLAG = 0
3521: 30 IF (i J LE. MI *AND. FLAG *EQ.I) GO TO 40
353. RETURN
354. ENLD
355. CCCCCCCCCC
356. C
357. C COMPAR(I.J.N.D#PTSET*ICOMP)?- COMPARES TWlPOINTS I J. W.R.T.A
358. C HANDLE VECTOP IN 0. AND' RETURNS IN ICOMP:
359. C I IF ITH POINT ) JTH O'CINT.
360. C 4i IF ITli POINT =JTH Prj!NT.
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361. C -1 IF ITH POINT < JTH POINT.
362. C
363. CCCCCCCC4.C
364. SUdROUTINE COMPAR(I*J.N.OPTSET*ICOMPI
365. INTEGER PTSET(1106)@0(6)
366. 112
367. 100 I1I Dil()
368. IF 4PTSET(I.III) NE. PTSET(J.III)) GO TO 10
369. IF (it *LT. N) GO TO 5370. ICJMP = 0

371. RETURN
372. 5 i1 a 111
373. GO TO 100
374. 10 IF(PTSET(I.I11) *LT. PTSET(J*I1I)) ICOMP -1
375. IF (PTSETCI9III)*GToPTSET(J.IIIS) ICOMP I
376. RETURN
377. EN370 CCCCCCCC"

379. C
380. C EXCHAN(I.J.NPTSET):- SWITCHES THE POSITIONS OF TWO POINTS 1 9 J
3S1. C IN ARRAY PTSET WHICH CONTAINS A POINT SET IN N DIMENSIONAL
382. C SPACE#
393. C
384 CCCCCCCCCC
385. SUdROUTINE EXCHAN(I .JNePTSET)
386. INTEGER PTSET(110.6)
387. 03 100 1 1 I3.N
368. ITEMP a PTSET(I.II)
N89. PT4ET(Ie.I) - PTSET(JoI[j

0. oTsETJ.II) a ITEMP
A0. 100 CONTINUE
2 RETURN

93: END
394. CCCCCCCCCC
395. C
396. C ENCOUE(M.N.PTSET.ORDERO.NPTSIFLNU49THRESH.FLG):- GENERATE
397. C GHM CODES FOR A POINT SET PTSET. CONTAINING NPTS POINTS IN
398. C N OIMENSIONAL SPACE. ONLY THOSE HYPERCUBES WHICH HAVE DESITY
399. C I> THAh THPESHOLD DENSITY* THRESH. ARE INCLUDED IN OPTIMAL GH
400. C ENCODING. FOP A GINEN N. UMN CONTAINS THE NUMeER OF SUCH
401. C HYPERCUBE GENERATED W;R.T. A GIVEN HANDLE VECTOR IN 0.
402. C ORDER ARRAY CONTAINS POINTERS 10 POINTS IN PTSET WHICH ARE
403. C STALL IN POINTSET. FLG IS A FLAG USED TO TURN OFF & ON
404. C PRINTING OF OPTIMAL *H ENCODED TUPLES.
405. C CALLS:
406. C (11 MINMAX: TO FIND THE MINIMUM & MAXIMUM ELEWEKT IN A
407. C PARTICULAR COLUMN FOR SOME PONTS CONSIDERED TO 8E IN
438. C IN THE CURRENT HYPERCUBE.
409. C (2) DENSITY: TO COMPUTE THE DENSITY OF A GENERATED HYPERCU8E.
410. C
411. CCCCCCCCCC
412. SUaROUTINE ENCODE(M.NPTSEToORDER.O.NPTS.IFL t.MDMTHRESH.FLGI
413. INTEGER FLG.FLAG
414. INTEGFR PTSET(1i06).O(6)C®E(I2).ORDERIOII
415. MM 2c M -1
416. IF (FLG C.r. 11 GO TO 70
4o7. PRINT I
418. I FORMAT(//)
419. PRINT SIN
420. 5 FORMATIIlX%*GH*vI2s* CODES ARE:*)
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421. PRINT &.(O(l ).11.MW)

422. c FOi4AT 913". I ANOLES ARE:'.615)
423. 70 IF(MM *EO. N) Ga TO 20
424. IF (MM .EO. 0) GO TO 10
425. NUN = 0
426. IFL = 0
427. MI = NPTS 41
420. 1 2 1
429. J I
430. DO 100 K = 2.Ml
431. IF IK *GT. NPTS) GO TO 40
432. FLAG = 0
433. 11 : ORDER(K)
434. A2 = ORDER(K-1)
435. JO 200 JI = i.MM
436. JJ = O(J )
437. IF(PTSET(I.J J) EO. PTSET(I2.JJ)) GU TO 200
438. FL AG = I
439. GO TO 330
440. 200 CONTINUE
441. 330 IF (FLAG .EO. 1) GO TO 40
442. J 2 J 4 1
443. GO TO IGO
444 40 I= = ORDER(i)
445. DO 300 JI a 1.MM
446. JJ = O(Ji
447. COD(JI) - PTSEI(II.JJ)
448. 300 CONTINUE
449. NI = M444"I
s0o L - M
it. NN = N-MM
S2. DO 400 J| = NI.N
i3. JJ = O(AJ )

4 454. CALL MINMA(PTSCT.ORDER.JJI.JNINMAX)
455. L = L 4 I

456. CODE(L) = MIN
457. 400 CODE(L4NN) = MAX
458. DEN = DNSTY(CODEeMM.NoIJ)
459. IFIDEN .GE.TRESM) GO TO Iil
460. IFL = I
461. GO TO 555
462. 11 IF (I .EO. J) GO TO 555
463. N2 z L
464. N3 = L 4 NN
465. DO 333 1K = 2.J

466. 333 ORDERIIK) ) 0
467. IF ( FLG IEO. 2) GO TO 72
468. PRINT 32.(CODE(1.Io c I.MM)
469. 32 rURRMAT('0*sI0X.*(

1
.6t13)

40o. PRINT 3.3.(COOE(CI.I=NI*N2i
471. 33 FRMAT(o,*.30Xe.;'.613)
472. N22 a N24
4f3. PRINT 34.(CCDE( .lI N22.N3)
474. 34 FORMAT,'+'50X.';'.13)
475. PRINT 35
476. 35 FORMAT('4.60X.o)1)
477. 72 NUN = NUM 41
478. 555 1 z K
479. J = K
450. 100 CONTINUE
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481. CCCCCVCCCC
402. C
483. c

4 OftSUS03UT114E EXHAUS(PTSfTv.N.JCOOE. IFLl
485. INTEGER PTSET(1t0.6,.O(6,TA8LE(720.6,,NCODE(5.3,
4 06. CALL mftCfM9(AOLE*N,
An?. ITE04 w I
At%". no 100 1 I.N
41t9. to0 ITEP4 = ITERMSI
490. 00 200 1 a .TTERM
491: D3 300 .m 9=IN
492. 300 01.99 a TABLE(I*Jl
493, IF(tFL .Eae It GO TO 88
64. PPINT I
495. 1 P3Rt4ATf//.IIX.'4AN4DLES CHOSEN4 APE0
406. PRINT 2.(O(JgJut.Nl
4q?. 2 FORMAT1606.1ox.4i5I
496. OR CALL SOlRT

0
Tl9TSETvO.M*Nf

499. IF(I1VL .EQ* 11 GO TO 89401 3SD. F ~ 0p MT,0fIe*LLOWING APE G * CODES V.R.T. AbOVE

502. s *'HANDLES:*# I-.I)NOE(-.S U
TF03.' *GT NI'EJ-.1 aCDIJ 3 34 NU1

500o CONTINUE
3: IFI IFL *EQ. to GO To 200

02INT A
S12. A DM6il909,1
513. 200 C3NTINUE
%14. RETURN
S15. END
516. CCCCCCCCCC

Ste. (c PRC0#wBIVALE.f4, TO FIND ALL PnSSIBLE SET OlF HANDLES, USING
S19. c ZERPMUTATICN COMB! N4T ION.EACH RO'W OF TARLE CONTAINS OK~ SET
520. c ANO..ES.N IS THE DIMENSION OF SPACE.
521. C CALLS:
52?. c (if FILL: TO STORE PROPER COLUMN UM9RES IN TABLE.
523. C
524. CCCCCCCCCC
525. S'JdRO'JTINE PRCOM8IVALE9NS
S26. 14TEGSR TArtLEl?20o6l
Sp?. 14TEGFQ COL
520. mug = N
529. DI 100 1 - I.N
%,to. t00 T46LEC1.II ir1
S31. K aI
532. COL = 1
533. to L I
514. "1 4UM- I
53S. TTEOM = 1
536. no' 203 1 l .NI
S37. 200 ITEUm a ITERM *I
5SO. nV3 300 KI 2 .K
53q, 03 400 1 I .NUM
540. It1L


